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Protocol:

Performing the ELISPOT Assay

2. Coating and Blocking the Plate

2.1. Throughout the experiment, ensure sterile conditions by working in a laminar flow hood and wearing gloves [1-WIDE].  All calculations in this protocol are based on the volume needed for one 96-well plate [2-MED-Over the Shoulder].
2.1.1.  Shot showing talent, wearing gloves and lab coat, approaching a laminar flow hood, with hood lights on and sash open. Talent wipes down the inside of the hood.
2.1.2.  Shot of talent holding a 96-well ELISPOT plate, with plate cover on, inside flow hood.  Talent then removes plate cover to show wells.

2.2. First, dilute the anti-cytokine capture antibody [1-CU].  To do this, transfer 10 mL of buffer into a sterile 15 mL conical tube [2-MED].  Then, use a pipette to add 10 microliters of 1mg/mL (pronounce ‘milligram per milliliter’) of monoclonal antibody to the buffer to create a solution with a final concentration of 1μg per mL [3-CU-TXT].
2.2.1.  Detail of vial containing undiluted capture antibody. Video editor: Do not use take 1. 
2.2.2.  Talent pipets buffer from a conical tube into another sterile conical tube.
2.2.3. Talent pipetting capture antibody into conical containing buffer.  Talent puts cap on conical tube and inverts to mix.  TEXT: Note: for IFN-γ and IL-6, dilute to 5 μg/mL

2.3. Next, pour the capture antibody solution into a sterile reservoir [1-CU] and, using a multichannel pipette, distribute 100 μL into each well of a 96-well ELISPOT (pronounce ‘EL-ee-spot’) plate [2-MED].  
2.3.1.  In the flow hood, talent pours the diluted capture antibody solution from the conical into a sterile reservoir.
2.3.2.  Talent uses multichannel pipette to aspirate 100 μL solution into each pipette tip and then expels this into a column of wells in the 96-well plate.

2.4. Cover the plate with a plate cover and seal it to prevent evaporation [1-CU] and incubate overnight at 4 °C [2-MED].
2.4.1. Talent places plate cover on plate and seals the plate with parafilm. Authors: If you cover the plate with something else, please indicate this in your post shoot notes. Video editor: Take 2 is where the talent seals the plate with parafilm.
2.4.2.  Talent places plate on a shelf of a refrigerator or 4 °C incubator.

2.5. The next day, uncover the ELISPOT plate in the laminar flow hood [1-WIDE].  Quickly invert the plate onto sterile wipes to remove the capture antibody solution from each well [2-MED].
2.5.1.  Talent carries covered plate to laminar flow hood, sits down, places plate inside hood, and uncovers plate. Talent also wipes down the inside of the hood. 
2.5.2.  Talent (working inside the hood) quickly inverts the plate onto sterile wipes and gently taps plate to expel all liquid.
2.6. Next, use a multichannel pipette to add 200 μL of cell culture medium to each well [1-MED-Over the Shoulder].  This step will block non-specific binding during the assay [2-CU].  Replace the plate cover and incubate in a 37 °C incubator for 2 hours [3-MED].
2.6.1.  Talent uses multichannel pipette to draw up 200 μL of cell culture medium (from a sterile reservoir) and distributes this into the columns of the 96-well plate.  
2.6.2.  Close shot of cell culture medium being expelled from multichannel pipette into wells of the plate. Video editor: This is included in 2.6.1.
2.6.3.  Talent places plate, with cover on, into a 37 °C incubator.

3. Plating and Activating Cells

3.1 While the plate is incubating, prepare a 2X mitogen solution by adding 1 μL of PMA and 20 μL of ionomycin to 10 mL of cell culture medium to achieve a final concentration of 50 ng/mL PMA and 1 μM ionomycin [1-MED-Over the Shoulder]. 
3.1.1 Talent adding appropriate volumes of PMA and ionomycin into 10 mL of cell culture medium in a conical tube.

3.2  Cellular suspensions of mouse splenocytes should also be prepared at this time in a sterile hood [1-WIDE-TXT].
3.2.1 Talent holds tubes of cells and inspects it. walking towards hood with tube of cells in hand. TEXT: Splenocytes from WT B6 mouse and ovarian cancer-bearing mouse

3.3 Using a microscope and hemocytometer, measure the concentration of cells and adjust the total volume until a stock concentration of 2 million cells/mL is reached [1-MED-TEXT]. 
3.3.1 Talent looking through microscope.  TEXT: Prepare at least 3 mL of cell solution Authors: IMPORTANT - How much solution do you prepare? Please include this in your post shoot notes.

3.4 After incubation is complete [1-MED], quickly invert the plate onto sterile wipes to remove the cell culture medium from each well [2-MED-over-the-shoulder].  Next, add 200 μL of the prepared cellular suspension stock solution to the wells in the top row of the ELISPOT plate [3-CU].  Set up the experiment in triplicate, so that each cell type tested will be plated in a set of three grouped columns [4-CU].  
3.4.1 Talent removes plate from incubator.
3.4.2 Talent, working in hood, inverts plate onto sterile wipe.
3.4.3 Cellular suspension stock solution pipetted from sterile basin into top row of ELISPOT plate. Video editor: 3.4.3 and 3.4.4 were filmed in one shot. 
3.4.4 Talent continues to make a triplicate Authors: Can you draw lines on the plate to indicate the sets of three columns? 
3.5 Below this, add 100 μL of plain cell culture medium to the next five rows of the plate below the rows containing cellular stock solution [1-MED-Over the Shoulder].  Next, perform a serial dilution by pipetting 100 μL of the cellular suspension from the top row into the row directly below, gently pipetting this solution up and down to evenly distribute the cells [2-CU].  
3.5.1 Talent pipettes plain cell culture medium from sterile basin into the next 5 rows of the plate, in triplicate.
3.5.2 Close up shot of talent performing serial dilution into row 2.

3.6 Repeat this process for the remaining rows, moving 100 μL from the previous row to the row below at each step…continuing until the fifth row has been serially diluted [1-MED]. Leave the sixth row with cell culture medium only, to serve as a control [2-CU].
3.6.1 Talent continues the serial dilution to row 5. Video editor: This shot was filmed with 3.5.2.
3.6.2 Show detail of the plate. Video editor: Emphasize/highlight the sixth row. 

3.7 To stimulate the cells in the experimental wells of the plate, add 100 μL of the prepared mitogen solution to the cellular suspensions in each well of rows 1 through 5 [1-MED-Over the Shoulder].  Be sure to leave the sixth row, which will serve as the control, unstimulated [2-CU].  Replace the lid and incubate the plate at 37 °C and 5% CO2 for 24-48 hours [3-WIDE-TXT].
3.7.1 Talent pipettes mitogen solution into top 5 rows containing cellular suspension solution.
3.7.2 Talent finishes pipetting into fifth row and leaves sixth row unstimulated. Video editor: Highlight/emphasize the sixth row of the plate. Video editor: This was filmed with 3.7.1. Stop the video at the 5th row, per author request. 
3.7.3 Talent puts lid back on plate and picks it up to walk toward incubator. TEXT: Note: 24 h is typically sufficient for detecting IL-2 and TNF-α; 48 h is optimal for IL-4 and IFN-γ

4 Detection

4.1 Prepare the diluted biotinylated anti-cytokine detecting antibody [1-MED].  First, 25 mL of assay diluent by adding 2.5 mL of 10% fetal bovine serum to 22.5 mL of PBS [2-CU].  Next, dilute the detecting antibody to a concentration of 2 μg/mL in assay diluent [3-CU].
4.1.1 Talent getting out reagents needed:  PBS, FBS, detection an tibody
4.1.2 Talent adding FBS to PBS.
4.1.3 Talent pipetting detection antibody into assay diluent.

4.2  Also prepare 20-25 mL of wash buffer at this time by mixing 0.05% Tween 20 in PBS [1-MED-Over the Shoulder].  After the incubation is complete, uncap the plate and quickly invert it to remove all liquid from the wells.  [2-CU-TXT].
4.2.1 Talent obtains wash buffer Authors: IMPORTANT - What volumes of 0.05% Tween 20 and PBS are used here? Please include this in your post shoot notes.
4.2.2 Talent inverts plate to remove liquid. TEXT: Note: For all subsequent steps, the plate no longer needs to be kept sterile

4.3  Wash the plate by adding about 200 μL of wash buffer to each well [1-CU].  Expel this liquid by quickly inverting and flicking the plate over a sink [2-MED-over-the-shoulder].  Repeat this process four more times for a total of five washes [3-MED-TXT].  
4.3.1 Talent pipettes wash buffer into wells, using multichannel pipette.
4.3.2 Talent inverts and flicks plate into sink to expel liquid.
4.3.3 Talent repeats wash once more. TEXT: Wash 5x Video editor: This was filmed with 4.3.2.

4.4 Next, add 100 μL of the diluted detection antibody solution to each well, replace the lid [1-CU], and incubate at room temperature for 2 hours [2-MED-over-the-shoulder-TXT].
4.4.1 Talent adds detection antibody to each well, with multichannel pipette, and puts lid on plate. Video editor: Do not use take 1. 
4.4.2 Talent places plate in the incubator.  TEXT: Alternatively, keep at 4 ℃ overnight

4.5 After incubation, expel the detection antibody solution from the wells of the plate by inverting and flicking the plate over the sink [1-MED-over-the-shoulder].  As before, wash the plate 5 times with wash buffer, expelling the liquid between each wash [2-MED].
4.5.1 Talent inverting and flicking plate over sink.
4.5.2 Talent adding wash buffer to well of plate, washing the plate, and then removing the wash buffer. Video editor: This was filmed with 4.5.1.

4.6 After the final wash, prepare the streptavidin-horseradish peroxidase solution by diluting it according to the manufacturer’s instructions [1-MED-TXT].  Next, with the wells of the plate empty, add 100 μL of diluted streptavidin-horseradish peroxidase solution to each well [2-CU].  Place the lid back onto the plate and incubate at room temperature for 2 hours [3-MED-over-the-shoulder-TXT].
4.6.1 Talent prepares streptavidin solution. TEXT: In this example, a 1:100 dilution is used
4.6.2 Talent pipettes streptavidin solution into wells of plate.
4.6.3 Talent places capped plate in incubator.  TEXT: Alternatively, place at 37 ℃ for 90 minutes NOTE: The plate incubated on the bench at room temp.

5 Substrate

5.1 After the incubation, no more than 15 minutes before use, activate premade AEC substrate solution [1-MED-over-the  shoulder-TXT].  
5.1.1 Talent lifting sash of fume hood and setting up pipette and glass tube inside hood TEXT: AEC = 3-amino-9-ethyl-carbazole Author note: I used AEC Substrate kit (BD #551951), when I prepared the protocol I was told that I could not recommend specific companies, so I included the procedures that I used as a graduate student
5.1.2 Talent adds 800 μL AEC solution into glass tube that already contains 24 mL AEC buffer TEXT: 20 μL AEC Chromogen per 1 mL AEC substrate solution 
5.1.3 Talent filtering solution.

5.2 Discard the contents of the wells and wash the plate five times with wash buffer, as before [1-MED].  Then immediately add 100 μL of prepared AEC substrate solution into each well [2-CU].  Leave the plate at room temperature to develop for approximately 10-20 minutes while monitoring spot development [3-MED].  These spots will appear as small, darkened circles on the surface of the wells [4-SCOPE].
5.2.1 Talent flicking contents of plate into sink.
5.2.2 Talent adds substrate solution into wells, using multichannel pipette.
5.2.3 Talent tilting and examining plate, on benchtop.
5.2.4 View of wells of plate under dissecting scope showing how spots will look.

5.3 Then, stop the reaction by rinsing the plate with water and flicking it over the sink [1-MED].  Blot the plate on paper towels and allow to air dry overnight or until completely dry.  Removing the plastic tray under the plate will facilitate drying [2-CU].
5.3.1 Talent washes the plate with a squeeze bottle. 
5.3.2 Talent blots plate on paper towels and sets out to air dry, and removing plastic tray. Video editor: This was filmed with 5.3.1.

6 Data Acquisition and Analysis

6.1 After drying, the spots are ready to be counted with an automated plate reader [1-WIDE].  Here, the CTL immunospot reader is used, but this protocol can be adapted for any reader [2-MED-TXT].  
6.1.1 Talent walks over to plate, picks it up, and walks toward computer.
6.1.2 Shot panning over CTL immunospot reader equipment.  TEXT: Alternatively, count spots manually with a dissecting microscope
6.1.3 Talent sits down at computer and turns on CTL Immunospot reader.

6.2 Then, open the CTL program and click on “scan count” [1-MED-over-the-shoulder].  
6.2.1 Talent opens CTL program and clicks on “scan count”.

6.3 Push “eject” for the tray to extend from the machine [1-MED].  Then, remove the plastic adaptor and align row “A” on the ELISPOT plate and adaptor [2-CU].  Choose a file name and location for the file to be saved and load the plate and adaptor onto the tray [3-MED].  
6.3.1 Tray ejects from machine.
6.3.2 Talent aligns row “A’ on ELISPOT plate and adaptor.
6.3.3 Talent loads plate and adaptor onto tray. Video editor: The software froze in this shot. Make sure you use the attempt where the machine actually read the plate towards the end of the shot. 

6.4 Click “load” on the software…[1-MED-over-the-shoulder] and close the door on the side of the machine…[2-MED], then press “start-after counting”.  Ensure that the file is saved, and then open the quality control “QC” software to analyze the data and count the number of spots.  Export this data as an EXCEL file [3-MED-over-the-shoulder].  Once analysis is complete, click “eject” to retrieve the plate [4-MED].
6.4.1 Clicking “load” on software.
6.4.2 Talent closing door on machine.
6.4.3 Talent presses “start-after counting” then saves file, then opens QC software, analyze.
6.4.4 Tray ejects from machine and talent retrieves plate. Video editor: This was filmed with 6.4.3.

7 Results 

7.1 In this experiment, cells from wildtype and tumor-bearing mice were plated and analyzed for IFN-γ.  Notice that the number of spots decreases with decreasing cell concentration [1-LM].  
7.1.1 Lab media 1: animate the rows of the plate in one-by-one (Authors, do you have a higher resolution version of this image we can use? This one doesn’t scale well) See storyboard

7.2 Typically, ELISPOT data are presented as the number of spot counts per number of cells plated [1-LM].  In this example, the number of spots were displayed in a bar graph, with each respective cellular concentration listed on the X-axis. Notice that the number of spots indicates the number of activated cells per total number of cells in a given population [2-LM].  
7.2.1 Lab media 2 See storyboard
7.2.2 [bookmark: _GoBack]Lab media 3: animate the bars of the graph in one-by-one See storyboard
